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The taxonomy and distribution of Malagasy frogs of the Mantidactyles
asper group (included in the subgenus Gephyromantis) is revised. The
group is to include asper, M. spinifer, M.
luteus, M. plicifer, M. sculpturatus (which is resurrected from the syn-
onymy of M. luteus) and a new species described herein. Lectotypes are
designated for Rana aspera Boulenger, 1882 (Mantidactylus asper),
Mantidactylus ceratophiys Abl, 1929 (junior synonym of M. asper} and
Rana plicifera Boulenger, 1882 {Mantidactylus plicifer). M. asper and M.
spinifer are characterized, among other features, by a distinct black-brown
contrasted ventral pattern, presence of an outer metatarsal tubercle, and a
moderate amount of webbing. They are apparently allopatrically distrib-
uted, M. spinifer in and M. asper

eastern and north i M. lu!eus,M plicifer and
M. sculpturatus have a largely uniform light venter, lack the outer meta-
tarsal tubercle and have more extended webbing. A reliable distinction of
these three species is only possible in adult males, and is based on
differences in femoral gland size and advertisement calls. M. luteus is
mainly distributed in lowlands along lhe  Malagasy east coast, while M.
to be Ititudes. M. plicifer has been
found M. d M. luteus. and is known from
the south-eas( The | mew species described herein shares characters with M.
asper and M. spinifer (presence of an outer metatarsal tubercle) and with
M. luteus, M. plicifer and M. sculpturatus (uniform venter, extended
webbing). It is only known from Montagne d’Ambre in far northern Mada-
gascar.

A molecular phylogenetic analysis based on partial sequences of the

i S rRNA gene of the M.
group and of the M. group in the sub i
and of a clade containing M. futeus, M. plicifer and M. sculpturatus. In
contrast, the M. asper group and the subgenus Gephyromantis as a whole
appeared to be paraphyletic. The obtained trees indicated a possible
evolution of the direct-developing lineage from brook breeding ancestors,
and a reversal from direct development in M. granuiatus. Although these
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aspects received no relevant bootstrap support, they constitute hypotheses
of great interest for general questions on amphibian evolution and should
be tested with extended data sets.

INTRODUCTION

The Malagasy genus Manridactylus currently contains more than 70 specics which show
alarge diversity 1n morphology and reproductive biology. Dusois (1992) and GLaw & VENCES
(1994) dwvided the genus mto a total of 12 subgenera, reflecting this diversity. Major charac-
terisuics of all Mantidactylus include the absence of nuptal pads in males (and, as far as
known, of a strong mating amplexus), and the deposition of eggs outside the water in
all species studied so far (BLOMMIRS-SCHLOSSTR, 1979). Most speaies additionally have
specialized femoral glands on the ventral surface of thighs (GLAw et al , 2000}, especially m
males.

Graw & Vencrs (1994} distinguished three major clades within Mantrduciylus. One
group contains more or less arboreal species which mostly dEpOSll thelr eggs on lEdVES above
the water surfuce; their tadpoles are rather generalized (sut Guil
Pandunusicola, Spimomantis). A second group consists of brook -edge- dwe]lmg specles, the

larvae of which often show special a Br
Hylobutrachus, Mantiduactylus, Ochth The third t contans three subge-
nera (Geply romantis, Le is. Phyl ). while Phyi s males usually

call along brooks and at least some species have free-swimming larval stages, calling males of
most Laurentomantis and Gephyromantis do not aggregate around water bodies, and direct
devel without fr Tarval stages has been demonstrated in two spectes,
Muantiductylus asper and M. eiselti (BLOMMERS-SCHLOSSFR, 1979; GLAW & VINCES, 1994).
Due 1o this reproductive diversity. studies on these frogs have the potential to contribute to the
understanding of the evolution of direct d and other 1 n anuran
reproductive biology.

One basic pre-requusite for such studics, however, is a detailed basic knowledge on the
species’ taxonomy and distribution (GLaw & ViNces, 2000). Distnibutional data of Malagasy
frogs are largely based on the monograph of BLOMMIRS-SCHLOSSIR & BLANC (1991} who,
however, mostly did not recognize sibling species and gave no voucher specimens for the
locahties plotted on their distribution maps, Apart from type specimens from other collec-
tions, their work was based almost exclusively on the collections housed at Amsterdam and
Paris.

In the present paper, we review the Mantudacny lus asper group, a phenctic species

bl n the Gephyromaniss, dist hed from other Mantiducrylus by

reproduction independent from water, mamly nocturnal calling behaviour, largely separated

lateral metatarsahia, and black patred subgular vocal sacs 1 males. We re-examimed the

material available to BLoMMERS-SCHEOSSIR & Branc (1991), and complemented this mfor
mation by own field observations.
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MATERIALS AND METHODS

ABBREVIATIONS AND MEASUREMENTS

Vocalizations were recorded using portable tape recorders with an external microphone
(Vivanco EM 238) and were analyzcd with the MEDAV sound analyzing system Spektro 3.2,
The foll morphol were taken with a caliper to the nearest
0 1 mithmeter: SVL, snout-vent length; HW, head width; HL, head length, ED, horizontal eye
diameter; END, eye-nostril distance; NSD, nostril-snout tip distance; NND, nostril-nostril
distance; TD, horizontal tympanum diameter; HAL, hand length; FORL, forelimb Jength;
HIL, hindlimb length; FOL, foot length, FOTL, foot length including tarsus, IMTL and
IMTH, length and height of inner metatarsal tubercle: TLI, length of first toe. Staustical
analyses were carried out using SPSS for Windows, version 10. We performed Mann-Whitney
U tests to test significance of intersexual differences in size and morphometric ratios
(TD/SVL, relative tympanum diameter; IMTL/SVL and IMTH/SVL, relative size of mner
metatarsal !uberc]e FORL/SVL and HIL/SVL, relative length of fore- and hundlimbs), and
of in selected morphol | variables and ratios. Measurements are
given as range, with mean + standard deviation in parentheses.

INSTITUTIONAL ABBREVIATIONS

BMNH, The Natural History Muscum, London (formerly British Museum of Natural
History); MNHN, Muséum National d'Histoire Naturelle, Paris, MRSN, Museo Regionale
di Scienze Naturali, Tormo, MSNG, Musco Civico “G. Doria™ di Stora Naturale, Genova;
MTKD, Museum fur Tierkunde, Dresden; TM, Transvaal Museum, Pretoria; UADBA,
Université d’Antananarivo, Département de Biologie Animale, ZFMK, Zoologisches Fors-
chungsinstitut und Museum Alexander Koenig, Bonn, ZMA, Zodlogisch Museum, Amster-
dam, ZMB, Museum fur Naturkunde, Berlin: ZSM, Zoologische Staatssammlung, Mun-
chen The catalogue numbers of voucher specimens housed 1n the ZMA are given as the jar
number followed by the field number of R, Blommers-Schldsser, since they bear no individual
ZMA tags.

Taxonomy

To avoud cenfusion by mtroducing working definiuons (operational taxonomic units)
and assigning them to specific names i a second step, we decided to anticipate our taxonomic
proposdls and use consistent names throughout this paper. This manly regards (1) the
recognition of the Montagne d'Ambre population previously considered as Mantidacty lus
plicifer by BLOMMERS-SCHLOSSIR & BLANC (1991 oras M cf asper by GLaw & ViNCEs(1994)
as a new spectes which 1s deseribed herein, (2) the re-definttion of Mannducty fus plcifer asa
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species of usually rather large body size and with large and distinct femoral glands from
south-eastern Madagascar; {3) the recognition of mid-altitude ¢astern populations previously
assigned to M. luteus by GLAW & VENCES (1994) as a distinct species M. sculpturatus These
decisions are largely corroborated by high genetic divergence levels between the species

d, by the morphological iation of lhe new species from Montagne d’Ambre
and by the morphological and bi ic di ion and syntopic occurrence of M
sculpturatus and M. plicifer at Ranomafana More detailed justifications are given in the
respective Identity and Diagnosis sections below.

MORPHOLOGICAL TERMINOLOGY

Webbing formula 1s given according to BLOMMERS-SCHLAsSFR (1979). Femoral gland
morphology is described according to Graw et ak. (2000). Most Gephyromantis species are
characterized by a number of dermal spines, tubercles and ridges. The arrangement and
degree of expression of these structures 1s often lmponant for species defimtions and
probably also bears for the of p relationships among species
and subgenera in the genus Mantidacty fus. To refer unequlvocal[y to these structures, we here
define a number of terms (fig. 1):

(1) Inter-oculur tubercles —On the upper surface of the head, between the eyes, a number
of tubercles are present in many species. These are generally arranged symmetrically, either as
one pair or as two pairs, and should not be mistaken with the unclevated black inter-ocular
spots as present in M. leucomacutatus (Phy lacomants). n several Phy lacomantis (M cornu-
tus, M redimitus, M. tandroha, M. tschenkt), one par of rounded, black tubercles are
generally present. On the contrary, in M asper, M spuufer and the new species described
herein (Gephyromantis), the tubercles are generally not rounded but rather longitudinal and
ridge-like: often, two pairs of such tubercles are present which sometimes appear to be a
discontinuous anterior continuation of the inner dorsolateral ridges, and sometimes, in M
spunifer, these ridge-bhe tubercles are fused to form a symmetrical figure (fig. 1).

(2) Inner dorsolateral ridges  As a constant state in all species of the M asper group, two
largely continuous ridges start above or up to 4 mm behind the eyes and run medially onto the
anterior back Here they either continue straight dorsolaterally onto the posterior fourth of
the back, or curve shghtly towards the flanks and fade.

(3) Outer dorsoluteral ridges - In all species of the M asper group, a second pair of
dorsolateral ndges runs laterally of the wner dorsolateral rdges. Often this seccond patr 1s not
continuous and poorly defined

(4) Connecting dorsa ridge  Insome M spuitfer, al the point of maximum convergence
of the inner dorsolateral ndges on the anterior dorsum, these are connected by a short
transversal ridge.

(5) Supraveular spines. — Above the eyes, distmet dermal spines are usually present m all
species of the M. asper group (and in several Phylacomantis: e.g . M cornutus. M rodmutus,
M tschenkn), although they can be small and indistinct in the new species described heremn In
contrast to the rather rigid dorsal ridges, these spines are flexible.
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Fig t - Partial dorsal views (head and anterior bady and mndiimb) of three representative specics of the
Mantidacty us asper gronp  Mantidactyhes spimfer (Ief0, female MNHN 1972 1443, M pheifir
{center), female MNHN 1972 1431, and M ambolira (nght). female MNHN 1893 245 The arcows
mark dermal structures which are described in the text CDR. connectung dorsal nidge, HSP. heel
spine, IDR, mner dorsolateral ridge, 10T, inter-ocular tubercles, ODR, outer dorsolateral ndge,
SOSP. suprocalar spimes, SOT, supraocular tubercles TASP, tarsal spines. Not to scale

(6) Supraoculur tubercles These are homologous to supraocular spines but less elevated
and not pointed

{7y Heel spme A long or short spine may be present on the heel. Smmilar to the
supraocular spines, the heel spine 1s a dermal, flexible structure. Beside the M asper group, 1t
15 also found n several Phylacomantis and in species of the genus Boophus (e.g . B madugus-
cariensis).

8) Tursal spmes. A number of smaller dermal spines are sometimes arranged at the
posterior edge of larsus. Specics with tarsal spimes always bear also a distinct heel spine

(%) Humeral protuberance. A well known synapomorphy of Munfiduc tvius species are
the femoral glands on the ventral surface of the femur (GLaw et al . 2000). In several spectes
of the M asper group (A luteus, M plicifer. M. spunfer), we observed a prominent structure
on the ventral side of the humerus, too (g 2). By dissection (internal view, Graw et al.,
2000), we noted that this prominence was not caused by enlargement of skeletal or muscular
tissues but largely dermal, and sometimes contained a gland-hike element at1ts most promi-
nent part Without further histological analyses we are unable to state whether this structure
1s actually a gland, and thus here refer to 1t as humeral protuberance. It i best visible
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F.g 2 - Left ventral views of a male (above, MNIIN 1972 1462) and a female (below: MNHN
1972 1443) of the forehmb of Murtsdacty fus spuifer The arrows mark the humeral protuberances.
Note also the strong.y contrasted ventral pattern in both sexes. Right ventral views of 4 male (above
MNHN 1972.1436) and a female (below MNHN 1972 1431) of the forelmb of M plicifer In this
species, the humeral protuberance s very d.stinct in males but apparently absent in females

Mantiduc tylus phcifer and M luteus, where a clear sexual dimorphism exists {no protuberance
recognizable m females; fig 2) In other species, e.g M spmifer, a weakly expressed humeral
protuberance appears to be present in males and females (fig. 2).

MOLECULAR AND PHYLOGENFTIC METHODS

To sample data on genetic differentiation and phylogenctic relationships, we sequenced
fragments of the nutochondnal 16S TRNA gene of up to 567 base pairs (bp), using primers
and protocols given by VENCES et al. (2000}, in species of the M asper group and of related
taxa The corresponding voucher specimens and EMBL/Genbank accession numbers are
Mantduch fus asper, UADBA-FG/MYV 2000.17. AJ314802, M. lutews, ZFMK 66674,
AF215313. M phaifer. ZFMK 623006, AJ314800, M sculpnvratis, ZEMK 62304, AJ314799,
M boulengers. ZFMK 66672, AF215318; M corvus, ZFMK 70494, AF215320, M cf.
peewdoasper, MSNG 49087, AJR14803, M malugasies, MRSN A1991, AJ314797; M aff
mafugasir, MRSN A1938, AI314796, M granulunus, ZSM 645.2001, AJ314794, M sp.n
{Tsaratanana; new specics close to M granudatus), ZSM 627.2001, AJ314795, M lewcomacu-
Jatus. ZEMK 59953, AJ314805. M cornutus, ZSM 308.2000, AJ314798; M tschenki, ZEMK
62296, AJ314806, M tundroha. ZFMK 59894, AJ314803 Boophis seropinlus (ZZEMK 66705,
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AF215335)and A dactylus hber (sub Guib is; ZSM 491.2000, AJ314801) were
used as outgroups. Sequences of the new species described below were obtained from the
specimen MTKD 37424 and have the Genbank accession number AF215327.

Sequences were aligned using the CLUSTAL algorithm in SEQUENCE NAVIGATOR
(Applied Bi the alj was adjusted by eye. A total of 33 base
pairs of the hypervartable region could not be reliably aligned and were excluded from further
analysis. The aligned sequences were submitted to analysis using PAUP*, version 4.0 (SWoOF-
FORD, 2001). We used MODELTEST (Posapa & CRANDALL, 1998) to estimate the model of
sequence evolution for a Maxi Likehhood (ML) phylog reconstruction. We addi-
tionally performed Maximum Parsimony (MP) analyses, using the heuristic search option
with tree-bisection reconnection branch-swapping, and Neighbor-joming (NJ) analyses, with
LogDet distances which are robust aganst possible variation of sequence evolution among
hneages (LOCKHART et al , 1994). In the MP analyses, we coded gaps as fifth state, but also
performed additional scarches excluding all ¢t with gaps n one or more species. We
used PAUP* to test for the presence of a significant phylogenetic s:gnal by a permutation-
talled-probability (PTP) test with 100 i and for h of base [
across sequences

RESULTS

SPECIES ACCOUNTS

Mantidactylus asper (Boulenger, 1882)
(fig. 3a-b)

Rana avpera Boulenger, 1882 - Name bearing trpe lectotype, by present designation, BMNH
1882 3 16 80, adult male collected by W D Cowan, SVL278mm ) pe focalis) “East Bets.leo™
according 10 oniginal description. Other 0y pes . following present lectoty pe destg
tion, BMNH 1882.3.16 §1-90, same collecting data as lectotype

Mantudactylus ceratophrys Ahl, 1929~ Name bearmg fype lectotype, by present designation, ZMB
10443, adlult female, coliccted by J M. Hildebrandt according to ongimal descr.ption. 1y pe focality

“Betsikeo’ according to ongnal d Otiter 1ypes p pes, followmg present
lectotype designation, ZMB 10444 and 50501 50502, three adult females with same collecL.og data
as lectotype.

Comiments (1) Considering the existence of at least one new species in the M asper group as
described below 1t appears important for taxonomic stability to define single name-bearing
types for all taxa in the group. Followmng this rationale. we here designate lectotypes for M
asper and uts junior synonym M ceratophrys Detaided morphological measurements of these
lectotypes are givenintab 1 (2) BLOMMERS-SCHLOSSIR & BLANC (1991) listed the specimens
“BMNH 1882 316 80-82, 83-86" as syntypes of M asper. The number “316™ m this mention
1s certainly a typing error for 3167 Beside BMNH 1882 3.16 80-81, all specimens of the
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Fig 3 Photographyol Mentidacrvfiesasper, male from Ankenthens (ZE MK 60789} i dorsolaterad and
sentral views a bh of Mantadec iy umbohira male halots pe from Montagae d Ambre (79M
1084 200D dorsolateral and sentral views fe-d) and ot twa adaitional speamens of W ambehirsa
femuale 71 MK STH9 ) and a calling male specmen (not collected) photographed by 3 kohier (),
both from Montagne d’Ambre

serses BMNH 1882 3 16 8390 are Labeled as synty pes of the taxon m the [ondon museum
W examined four spectmens ot this seres which were not individually numbered We could
not locate the speamen BMNI (882 3 16 82 1n the Londen collection. it may hase been
exchanged or used for osteological exammations 1t can be assumed that the series ot
paralectaty pes (according to present lectot pe designation) cotisisty ot at least nine, possibly
ten specimens. (3 BEossiiRy-SCHEOsS R & Brase (1991) stated that the type of Ueniidac
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1ylus ceratophrys Ahl, 1929 was lost In the meantime, four onginal syntype specimens have
been rediscovered 1n the ZMB collection (lectotype and paralectotypes according to present
designation).

Matersal exammed. BMNH 1882 3 16 80-81, 1882 3 16 8386 (East Betsileo, lectotype and paralecto-
types), BMNH 1925 7 2 29 {Ants.hanaka). BMNH 1928 59 1 (Brickavillel, MNHN 1972 $57-558 (Tsa-
ratanana), MNHN 1972 559-560 (Mandraka), MNHN 1972 574-576, 1972 $78-583, 1972,586-591 (Tsa-
fatanana); MNHN 1972 584-585 (locality uncertan), MNHN 1973 905 (Marojeyy, alt 1300 m), MNHN
1975 313 (Marojeyy), MNHN 1975.317 (no precise locality), MNHN 1975318 (Marojeyy, alt 1300 m),
MNHN 1975 319320 (Marojeyy, alt 2000 m), MNHN 1975 321 (Mandraka); ZFMK 6223662237,
62240 (Mantady), ZFMK 62303 (Ranomafana); ZEMK 60789 (A ). ZMA 6867 988-990 and
6868 470 (Andasibe), ZMA 6894 36, 6§95 376.383 and 6895.480-482 (Mandraka), ZMA 6897 906
(Andasibe): ZMB S0501-50502 and 10443-10444 (Bets.leo, lectotype and paralectotypes of Mantidacty-
lus ceratophrys), ZSM 401 2000 and UADBA-EG/MY 2000.17 (Mandraka).

Morphology and diagnosis.  The following morphological description 1s based on the type
series, and on specimens from central eastern Madagascar (Mandraka, Andasibe, Mantady,
Antsihanaka, Brickaville). Specimens from these localities form a well-defined homogeneous
cluster, although several characiers (expresston of dorsal tubercles and ridges, relative hind-
limb length) are subject to considerable indnidual variation. Other attributed specimens are
discussed in the section on distribution.

Inner dorsolateral ndges promunent, either continuous (e.g 1 ZMA 6867.990) or
discontmuous (¢ g 10 ZMA 6867.989), starung 1-3 mm behind eyes. No connecting dorsal
nidge 1n the specimens examined by us. Outer dorsolateral ridges generally present, but often
not continuous, appearing as an irregular serics of short folds and tubercles. One or two pairs
of distinet more or less prominent rdge-like interocular tubercles. Additional smaller tuber-
cles and short ridges on the dorsum of most specimens. Distmcet supraocular spines 1n all
specimens, two of these beng cspecially large A distinct heel spine: tarsal spines gencrally
reduced to small tubercles, sometimes not recogmizable (¢ g, n several specimens of the type
series). Femoral glands usually visible in males, but not very distinct or promunent. Vocal sac
paired subgular No clearly recognizable humeral protuberance m either sex Webbing in most
specimens reaching shghtly beyond the first subarticular tubercle of the fifth toe. webbing
formula 5(0.5) to 5(0.75) One nner and two outer metucarpal tubercles, the latter in contact
with each other. A large (males) or medium-sized {females} inner metatarsal tubercle and a
distinet, small to medium-sized outer metatarsal tubercle.

or ficant intersexual were found m SVL (Mann-Whutney
Utest, P <0 06). 0 relative length of the inner metatarsal tubercle (P < 0 005), and i relatne
tympanum diameter (£ < 0 05), but not 1n relative height of the mnner metatarsal tubercle or
limb length Males had larger relative tympanum sizes and longer mner metatarsal tubercles
than females. Male/female size ratio was 97 %.

Coloranion. - 1n preservative, dorsal coloration generally brown, with more or less symmetri-
cal light brown or dark brown markngs. In ZMA 6867 988, dark brown vertebral arca
enclosed between mner (anterior dorsum} and outer (posterior dorsum) dorsolateral ridges.
and beige flanks and arcas lateral 10 the ndges, the beige color starting as narrow dorsolateral
bands above the eyes. Hindhimbs brown with dark brown crossbands. A thin light vertebral
line n ZFMK 62236, Head laterally brown, including the hps, with some rather mdistinct
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dark brown markings. Ventral side white on the chest and, in females, on the throat, more
cream on the posterior belly. Throat 1n males light brown with a distinct central white
longitudinal stripe, and with black lateral color comnciding with the inflatable parts of the
vocal sac. In females, indistinct but sharply delimited brown vermiculations on throat and
chest. Limbs ventrally light brown, with some darker pattern at the edges.

Dustribution. - Beside the specimens from central eastern Madagascar, we also assign to M
asper rather than to M spunfer one subadult male from Ranomafana (ZFMK 62303; vocal
sac not visible, but throat laterally already shghtly black colored) based on its smaller size,
ventral pattern, and expression of nidges and tubercles. The situation is more diflicult for the
available material from the Marojejy and Tsaratanana massifs in northern Madagascar. These
specimens are larger than typical M asper, have more weakly expressed spines and ridges
(supraocular spines reduced to tubercles in most specimens), and a very weak ventral pattern
In part, they thus remind specimens from Montagne d’ Ambre which are described below as a
new species. However, the low amount of webbing (at fifth toe consistently 0.75-1), as well as
other characters constitute a distinct difference to that species, and support the tentative
melusion of the Tsaratanana and Marojejy populations in M a:per Despite low number of
females in this sample {only two ). the inner I tubercle is

relatively longer in males (P < 0.03, tab. 2-3). Male/female size ratio 15 99 0.

Summarizing, the species is known from the following precise localities: (1) Tsaratanana;
(2)Marojey; (3) Antsthanaka, (4) Brickavilie; (5) Mantady: (6) Andasibe, (7) Ankeniheny: (8)
Mandraka: (9) Ranomafana. Except for Brickaville, which 1s located close to sea level at
the east coast, all localities in the central east are at mid-elevations, ranging from ca. 700 to
1200 m Marojejy specimens are catalogued as originating from an elevational range of 1300-
2000 m

BLOMMIRS-SCHLOSSER & Branc (1991) additionally recorded the species from Les
Roussettes (Montagne d'Ambre) and Ambatofitoharanana. Specimens from the former
locality are here attributed to the new species described below, while the voucher specimen
from Ambatofitoharanana (MNHN 1975 315) cannot be reliably attributed to any deseribed
species (see section at the end of the species accounts)

Nutural history. Calhing males were observed during the day on the ground {at Ankeniheny)
and after dusk from branches about 50 cm above the ground (at Mantady and Mandraka). At
Ankeniheny, they were mamly found close to a swampy brook, while they called far from
water bodies at Mantady, and close to a tiny brook at Mandraka Vocal sacs did not remam
inflated between notes. Each note was one expiration

Advertisement cafl.  Calls were recorded at Ankeniheny on 18 February 1994, 17 15 h, at
23 5°C air temperature. They consisted of series of single notes or series of note groups of
2-4 notes each (fig. 4). Note duration was 5-13 ms (10 + 3 ms, # ~ 8), duration of intervals
between notes was 56-80 ms (66 + 11 ms, n = 6) Frequency was 1700-7700 Hz, dommant
frequency 3200-4200 Hz.

Similar calls were heard after dusk on 10 February 1996 at Mantady. Only series of smgle
notes were heard (note repeution rate 1.3-14 per second) Frequency was about 2000-
5000 Hz, dominant frequency 3500-4500 Hz.
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Fig 4 ~ Sonagram and oscillogram of a4 call (series of four notes) of Muntiductylus asper from
Ankeniheny.

Calls from Mandraka (recorded by R. Blommers-Schlésser in December 1972at 17 00 h)
were series of note groups (up to 7 notes per group). Note duration was 13 20 ms (16 + 2 ms,
1=9), duration of ntervals between notes 72-80 ms (75 + 2ms. n = 7) Note groups with4-7
notes had a duration of 323-494 ms {386 + 69 ms, # — 5}, duration of intervals between note
groups was 626-733 ms (684 + 44 ms, n = 4), Frequency was 1800 6000 Hz without
recogmizable dominant frequency

Mantidactylus spinifer Blommers-Schlosser & Blanc, 1991

Mantedctyhus spamferies Blommers-Schlosser & Blanc, 1991 Nanie-bearmg 5pe holoty pe. by orrginal
designation, MNHN 1972 1450, adult male collected by C P Blanc i November December 1971
according to MNHN catalogue - 7ope fucafins “Chaines Anosyennes” according to origmal
descaption, “Camp 1V, Chames Anosyennes” according o MNHN catalogae - Parat, pes; MNHN
19721440 and 1972 1470, adult fermale and male.

Muterual evamued. {1y typesand topatypr il matenial MNHN 197> 1450 tholoty pe, Camp 1Y, Chaines
Anosyennes), MNHN 1972 1440 {pasatype. Camp [V, Chaines Anosyennesl, MNHN 1972 1470 (para-
1ype. Ambuna-Camp IV, Chaines Anosyennes), MNHN 1972 1439, 1972 1443-1468 (Camp [V, Chaines
Anosyennes). (2) further material: MNHN 1972 551-554 (Ivoh.be, Marovitsika forest)

Morpholog) and diagnosis  Beside (he three type specimens designated by BLOMMIRS-
ScHLOsSER & Brane (1991}, nine males, thirteen females and four juveniles from the same

Source . MNHN, Paris



118 ALYTES 19 (2-4)

series and general locality were available. Considering this material, the following updated
description of M spimfer (based on the topotypic material only) can be provided Identity of
other specimens is discussed in the section on distribution.

Inner dorsolateral idges promunent, starting 0-2 mm behind the eye. Dorsal connecting
ridge present in some specimens and completely absent in others. Outer dorsolateral nidges
generally present, but mostly not continuous and poorly defined, often appearmg as an
wrregular series of short folds and tubercles. One pair of distinct and very prominent ridge-hke
mierocular tubercles, a second, less distinet anterior pair often being also visible, the two pairs
sometimes fusing to a single symmetrical structure (fig. 1). A large number of additional
wregular tubercles and short ndges scattered on the dorsum Distinct supraocular spines in all
specimens, two of these being especially large. A distinct heel spine and a Ine of 2-7 distinct
tarsal spines. Males with very distinct and rather pronunent femoral glands. Vocal sac paired
subgular A weakly expressed humeral protuberance in both sexes {fig. 2). Webbing in most
specimens reaching distinctly beyond last subarticular tubercle of fifth toe, but not reaching
toe disc. webbing formula 5(0 25) to 5(0 75) One mner and two outer metacarpal tubercles,
the latter two in contact with each other. A large mner and a distinet, small to medium sized
outer metatarsal tubercle,

Morphometric measurements are given 1n tab. 1-3. No sigmificant sexual dimorphism
was found i relative forelimb length (P > 0.5), but the remaining variables tested showed
sigmficant differences between sexes' females were Iy larger (mean 178
ratio 96 %y, P < 005), had shorter relauve hindlimbs (P < 005), and smaller relative
tympanum sizes (P < 0.01). Relative length and height of the inner metatarsal tubercle were
also distinctly smaller in females (P < 0.001).

Coloration. - The followmng description 1s based on preserved spectmens only. as no color
pictures of living specimens were avatlable Dorsal coloration with various tones of brown,
generally arranged in longitudmal patterns. Narrow or broad brown bands sometimes
arranged dorsolaterally, following the dermal ridges, on a beige or light brown dorsum
(MNHN 1972 1443, 1972 1449), or dark brown central dorsum with cream-beige flanks
(MNHN 1972 1458, 1972 1461) In most specimens a rather indistinct mixture of dark and
light brown

All specimens ventrally with a very distinct coloration, the dark fank color reaching onto
the posterior venter and ending abruptly, without any fading, bordering onto the ventral color
which (in preservative} is bright white (fig. 2). Males with a brownish throat (laterally black,
corresponding to the inflatable parts of the vocal sac) with a more or less distinet median
white stripe. Females with a white throat and a brown border along the lower Iip. Limbs
ventrally more or less distinetly marbled with dark brown and white This conspicuous ventral
color pattern 1s already visible mn juveniles (MNHN 1972.1452, 1972.1466-1468) of 14-18 mm
SVL.

Distribuzron Bestde the specimens {rom the type locality Chaines Anosyennes, BLovMiRs-
ScHrossi R & Bt anc (1991) meluded three additional localities of M spunfor o their distri-
bution map’ Marojejy, Marevitsika and Andringitra. The MNHN vouchers from Marojeyy
were herein assigned to M asper and we did not Jocate vouchers from Andringitra assignable
to the species. However, a series from the Marovitsika forest {Pic d Tvohibe) could be meluded
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with some reservations in A spimufer (MNHN 1972.551-554). It contains specimens larger
than typical M asper, with more distinetly expressed spines and tubercles (two tarsal spines
clearly recognizable} and a more distinct ventral contrast of white and dark coloration. These
character states remind those of M. spaufer (sce below). However, the specimens are stll
smaller than typical representatives of the species, and the ventral pattern contrast 1s less
expressed. We here tentatively follow ther assignation to M spoufer as suggested by
BLOMMERS-SCHLOSSIR & BLaNC (1991), but 1t should be kept in mund that they are mterme-
duate between M spuufer and M asper m size and expression of ventral pattern contrast. The
spectes 1s therefore known from (1) the Chaines Anosyennes and (2) Ivohibe

Natural history and advertisement call. — Unknown.

Mantidactylus ambohitra n. sp.
(fig. 3c-f)

Holotype  ZSM 1084.2001 {ongally ZFMK 57418), adult male. Montagne d'Ambre,
collected by Frank Glaw, Nirhy Rabibisoa and Olvier Ramilison on 14-17 March 1994,

Furatypes MNHN 1892 244-245 (two females) from Montagne d’Ambre, MNHN
1893 246 (female), 1893 248 (male), 1893 249-250 (iwo females), 1893.252 (femalc), 1893 253
Quvenile), 1991 3148 (previously 1893 246A: female), all from Mararaomby (Montagne
d'Ambre). sent to the Paris museum by Alluaud and Belly in 1893, MNHN 1972.573 (female)
from Montagne d’Ambre, MNHN (975 314 (femuale), 1975 322 (female), 1975 325 (lfemale),
1975.329 (temale), 1975 330-331 (two males) from Les Rousscttes (Montagne d’Ambre}, all
without precne collecting data, MTKD 37424 {male) from Montagne d’Ambre, ZFMK
57419 (temale) from Montagne d’Ambre. with same collecting data as holotype, ZEMK
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62204-62205 (two subadults), collected by J. Steinbrecher on 26 N ber 1995 at M
d’Ambre.

Diagrosis. A member of the genus Mantidaci) lus based on the presence of femoral glands
and absence of nuptial pads in males. Assigned to the Mantidaciylus asper group m the
subgenus Gepliyromantis based on' (1) blackish paired subgular vocal sacs in males; (2) inner
and outer outer dorsolateral rndges, (3) (small) heel spines; and (4) general similanty with
other species of the group. The species is in several characters intermediate between M. asper
and M spmifer on the one hand, and M. hueus, M. plicifer and M scudpturatus on the other
hand. It1s distinguished from A asper and M. spinfer by its largely uniformly colored ventral
side, a lower amount of dermal spines, less extended webbing and less prominent dorsolateral
nidges. It is distingwished from M Juteus. M pliaifer and M sculpturatus by smaller body size
(male SVL 34-37 mm vs. 36-48 mm), less promunent mnner dorsolateral ridges, small size of
heel spines and supraocular spines, presence of an outer metarsal tubercle and occasional
occurrence of interocular tubercles.

Etymology.  Derived from Ambohutra, the Malagasy name for the Amber Mountain (Mon-
tagne d'Ambre), the type locality of the species. The name 1s used as mvariable noun n
apposition to the generic name.

Description of the holoiype. — Adult male, SVL 35.8 mm (fig 3c-d). For measurements, see tab,
1 Body slender; head slightly longer than wide, distinetly wider than body. snout rounded 1n
dorsal and lateral views, nostnls directed laterally, shightly protuberant, much nearer to tip of
snout than to eye; canthus rostralis distinct, concave; loreal region concave; tympanum
distinet, ellipucal (shightly higher than wide), 67 °« of eye diameter; supratympanic fold very
distinct, straight; tongue ovotd, distinctly bfid posteriorly, vomerine teeth distinet, in two
rounded aggregations, positioned posterolateral to choanae, choanae rounded. Arms slender,
subarticular tubereles single, one outer, central, and mner metacarpal tubercles present,
fingers without webbing, relatve length of fingers 1 < 2 < 4 < 3, sccond finger distinctly
shorter than fourth, finger disks distinctly enlarged. nuptial pads absent Hindlimbs slender,
tibiotarsal articulation reaching widely beyond snout t.p when hindlimb 1s adpressed along
body. lateral metatarsaha separated by webbing, mner metatarsal tubercle distinct, outer
metatarsal tubercle small but recognizable. webbing formula between toes 1(1), 2i(2), 2e(0 75),
31t2), 3e(1), 4i(2), 4e(1 75), 510 25). relative toc kength 1 <2 <3 < 5 <4, third toe clearly shorter
than fifth toe. Skin on the upper surface smooth, dorsolateral folds present but weakly
expressed and not very prominent, inner dorsolateral folds present. starting ca. 25 mm
behind the eyes and fading on the anterior back. outer dorsolateral folds running from ca 4
mm postertor to the supratympanic fold to the mgwinal region Two distinct, lengitudmal
mterocular tubercles, of same color as surrounding skm; supraocular tubercles present.
supraocular spines and heel spine present but small Ventral skin smooth on throat, shightly
granular on posterior belly Femoral glands very poorly delimited and very ndistinet from
both external and miernal views, a patch of mdistinet granules visible from internal view
Dorsal coloration m preservative dark brown with a weakly defined vertebral region of
fighter beige brown color Postertor fifth of the dorsum and dorsal surface of the hindlegs
light brown One distinet and four mdistinet dark brown crossbands on femur, one indistinet
and three distinet bands on tibia, and five indistinct bands on tarsus and foot Dorsal color of
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forelimbs irregularly dark and light brown. On the flanks, the dark dorsal color fading
gradually into the hight ventral color. Head sides dark brown except an jll-defined hight band
running from the anterior eye corner to the upper lip. Ventrafly cream-white with some weak
symmietrical brown markings in the chest region Throat cream-white, the nflatable lateral
parts of the vocal sac black. In life, color was simular to that in preservative, the iris being ight
brown 1n 1ts upper part, reddish brown laterally, and greyish brown inits lower part.

Yuriation  The available spectmens are largely in mediocre state of preservation, especially
the MNHN specimens that were collected more than 100 years ago. Nevertheless. a relatively
large varability of morphology (dorsal dermal structures) and coloration could be assessed.
ZFMK 57419 (fig. 3e) has a strongly contrasted dorsal pattern of dark dorsolateral stripes on
a light brown back. A further specimen (fig. 3. not coliccted) had a light reddish brown head
surface with a triangular posterior end, a pattern also known in Mantidacty lus luteus (GLaw
& VENCES, 1994: color plate 93) and other representatives of the genus. Another specimen (not
collected) had a broad and sharply delimited median light strtpe on the dorsum The innerand
outer dorsolateral ridges are always present but usually weakly expressed and often discontin-
uous. The mnner dorsolateral nidges generally begin 2-3 mm behind the eyes. In some
spectmens, one or two pairs of indistinet ridge-like interocular tubercles are seen, but usually
they are absent. Heel spine and supraocular spines are small, and often reduced to tubercles;
tarsal spines are absent. Males have rather indstinct femoral gtands. Humeral protuberances
are not visible in the available material. Webbing in most specimens 1s rather developed,
reaching almost the fifth toe disk, although 1t is less extended in other specimens (formula
0.75-0). The outer metatarsal tubercle 1s always visible though generally small. The three
available juvemle paratypes already show some of the charactenstics of M ambohiraie g,
not very prominent dorsolateral nidges, presence of ndge-like interocular tubercles).

Sigmificant mtcrsexual differences (Mann-Whitney U tests) were detected 1n relative
lengthof fore- (P <0 05)and hindlimbs (£ < 0.005) and 1n relative length (2 < 0.05) and herght
{P < 0.005) of the mner metatarsal tuberele, but not mn relative tympanum diameter or SYL
Limbsarclonger in females than in males, which1s a rather uncommon state 1n Malagasy frogs:
the inner metatarsal tubercle 1s longer and higher 1n males. Male/female size ratio1s 102 o

Further materiel - MNHN 1893 243 (Montagne d’Ambre) 1s a large male specimen which
remuinds Manitducty lus plicifer by size (SVL 44.8 mm) and by its farge, disunct femoral glands.
The probably subadult fernale MNHN 1975 324 (Les Roussettes) reminds M futeus rather
than M ambolutra As both specimens are in poor states of prescrvation, tt1s not possible to
make a defimtive statement on their identity Tt (s possible, however, that more than one
representative of the M. usper group occurs at Montagne d’Ambre.

Three further spec agree mor mcally with M amibohitra but are notincluded
1 the type senes due to dubious or lacking information on their collecting locabty. The male
MNHN 1975 32615 labeled as onginaung from “Ifaty " sbut we consider it as very improbable
that ths refers to Ifaty n extremely and south-western Madagascar (close to Toharay The
female MNHN 1975 332 has no locality mformation Both these speamens bear numbers
subsequent to small senies ongmaung from the Montagne d'Ambre region The female
MNHN 1973 896 was collected, according to the MNHN catalogue. by C P Blanc on 16 July
1972 at Marejeyy (300 m clevanion), however, its “hard™ state of fixation 1s similar to that of
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specimens from Montagne d’ Ambre (e.2. MNHN 1975.332) rather than to the more flexible,
bviously formalin-fixed M futeus from Marojejy, collected also by C. P. Blanc 1n
July 1972 (MNHN 1973 897-902).

Distribution. - The species is so far rehably known only from (1) 1is type locality, Montagne
d’Ambre in far northern Madagascar.

Natural history  We observed specimens during the day on the forest floor J Kohler (pers.
comm.) observed calling males in November 1n the evening (20-22 h and later) during hight
rain, calling from bushes at the forest edge, ca. 60-150 cm above the ground Inflated vocal sacs
were paired subgular (fig. 3).

Advertisement call, — Unknown.

Mantidactylus luteus Methuen & Hewitt, 1913
(fig. 5a-b)

Mantidacty hus hutews Methuen & Hew.tt, 1913 Nume-bearuig rype holotype, by ongmal designation,
TM 10077, adult male collected by Herschell-Chauvin  Tvpe locaiiry Folohy ~ Other fypes:
paratypes, TM 10095-10101, two adult males, two adult females and three juvendes, and TM (0094
(exchanged with another collection according to TM catalogue)

Idennity. - The type serics, as exarmined by us in 1998, agrees morphologically with the
populations attributed to M. /uteus and inhabiting the low-elevation areas of the Malagasy
east coast. This form 15 morphologically recognizable by. (1) rather small size, (2) distinct but
rather small femoral glands 1n males; and (3) generally uruformly whitish venter without
distinct dark chest markings. The holotype has a SVL of 41 3 mm, FGL of 6.4-6 8 mm and
FGW of 1.6 1 9 mm (W. Haacke, pers. comm. 1n 2001}, thus within the range of other male
specimens herein assigned to the species (tab 2). We will, in the following, provide a detailed
morphological description of A luteus. and only mention differences from this pattern in the
subsequent sections on M. plicifer and M. sculpturatus.

Material exanned  MNHN 1975 323 (Kianjavalo}, MNHN 1972 1435 (Ambana-Soavala. Chaines
Anosyennes). MNHN 1972 1418 (Camp V, Chaincs Anosyennes). MNHN 1973 897-902, 907, 908, 910
(Marogey. alt 300 mi, MNHN 1973 906 (Marojery. alt 1300 m), MNHN 1973909 (Marojeyy. alt 600
m). TM 10077, 10095-10101 (holotype and paratypes, Folohy), ZEMK 47222, 47290-47291, 52711,
52713-52714 {Nosy Boraha); ZFMK 52715, 66674 (Nosy Mangbe).

Morphology - The description provided here refers to male specimens from Marojery
(MNHN 1973.897. 1973.899-902. 1973 906-908), Nosy Mangabe (ZFMK 66674) and Nosy
Boraha (ZFMK 52714) which form a morphologically homogeneous group. Morphology
and attribution of other specimens 1s discussed i the section on distribution, Insier and outer
dorsolateral ridges present and usually contnuous, the inner ndge being more prominent
than the outer nidge. Inner dorsolateral nidges generally beginning above the eye and running
onto the central dorsum, endmng in various modes, either fading or curving medually or
laterally. sometimes continued as mdistinet undulating structures towards the ingunal region
Outer dorsolateral ridges generally begmning i the shoulder region where the mner ndges
end (fig. 1) No connecting dorsal ndge. no interocular tubercles. Supraocular tubereles and a
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Fig 5 Photographs of Mantwda t s Jutens, mole from Nosy Boraha, i dorsolateral and ventral views
(@ bl M pircfer male from Ranomafana (7EMK 62305y 1m darsolateral and ventral viesws te-). and
M adptiraris, male from Andas.be (ZFMK 536581 1n dorsolateral and ventral views (e-£)

few small supraocular spines present Usually one distinet supraocular spime comeiding with
the ongm of the inner dorsolateral ndge A distinet heel spine. no tarsal spines. Males with
small but distinet femoral glands (see tab. 2), i MNHN 1973 899 (Marojejy), the gland on
one femur. i internal view, composed of 16 granules of 0 4-0 9 mm diameter cach, m ZEMK
66674 (Nosy Mangabed, of 29 granules of 8 4-0 6 mm - Vocal sac paired subgular A strongly
espressed humeral protuberance in males, lackmg mn females. Webbing 1 most speamens
reaching the dise of the fifth toe, resulung in webbing formulas of 5(0) or 5(0 25) One inner
and two rather weakly expressed. sumilarly-sized outer metacarpal tubercles, the latter two m
contact with each other. A distinet inner but no outer metatarsal tubercle,
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Significant intersexual differences in the whole sample attributed to M luteus were found
1n SVL and i relative length (Mann-Whitney U test, 2 < 0 05) and height (P < 0.005) of the
mner metatarsal tubercle (fonger and higher n males), but not in relative tympanum diameter
or relative length of limbs. Male/female size ratio is 89 %.

Coloration.  Dorsally generally umformly greyish brown, sometimes with some shades and
indistinct markings of lighter or darker brown Usually with ai least a partial black bordering
of the mner dorselateral ridges towards the flanks. Two further black spots often present at
the ongin of the outer dorsolateral ridges. but often well-del bands on
the hindlimbs (5-7 on femur, 3-7 on tibia, 4-10 on tarsus and foot). Ventral color uniformly
cream, including the imbs. Only some specimens with faint browmish markings on chest and
{in males) on throat. Lateral, inflatable parts of the (paired subgular} vocal sacs black,

Dustribution Beside male specimens from Marajejy, Nosy Mangabe and Nosy Boraha, we
also attribute several vouchers to M Juteus Two males from the Chaines Anosyennes
{MNHN 1972 1418 and 1972 1435), which were collected syntopically with M plictfer (see
below), differ from that species by their completely uniform chest, smaller size and smaller
femoral glands (consisting of 24 granules of 0.4-0.6 mm diameter n MNHN [972.1435) The
male MNHN 1975 323 (Kianjavato) also agrees in having distinct femoral glands with 21
large granules. The females ZFMK 52711 (Nosy Boraha) and ZFMK 52715 (Nosy Mangabe)
are rather large (SVL 45.0 and 47 0 mm, respectively), and would therefore agree betier with
M plicifer by size. However, the almost uniform whitish venter of ZFMK 52711 and the very
faint chest motthng of ZFMK 52715 agrec with the state m M futeus. As so far no records of
M phafer exist for central-eastern or north-castern Madagascar, we assign these female
specimens to M Juzews We attribute also the juvernles MNHN 1972 909 and 910 (Marojeyy}
to this species, as neither M plicifer nor M. sculpturarus are known from this region A further
locality 15 Foulpointe which 1s based on a single voucher (ZMA 6725) which agrees with A
Huieus 1n body size and femoral gland proportions according to a personal communication of
F Andreone. Summarizing, specimens attributable to M. fuseus are from. (1) Marojey; (2)
Nosy Mangabe: (3) Nosy Boraha: (4} Foulpointe; (5) Folohy (type localty); (6} Kianjavato;
and {(7) the Chaines Anosyennes {mcluding Ambana-Soavala and Camp V) All these
locahtics are at low elevations along the Malagasy east coast: only one speaimen (MNHN
1973 906) 1s catalogued as originating from 1300 m on the Marojeyy massif, while the other
specimens from this locality were collected at 300-600 m elevation

BLowMERS-SCHLOMSIR & BLane (1991) addilionally recorded the species from a number
of further localities, namely Les Roussettes (Montagne d’Ambre), Ambalamarovandana.
Marovitsiha and Antsalova The available Montagne d’Ambre specimens are here all referred
10 the new species M ambolutra, although at least two of these are actually morphologically
sunilar to M furews. and the possible occurrence of this or a siular species a1 Moentagne
d"Ambre warrants further research {scc section on M amboiuira) The available material from
Ambalamarovandana may be atinbutable to M sculpruraius or M luiews (see betow) The
locality Marovitsika forest (Pic Ivolube) 1s based on juvenmile specimens only The locality
Antsalova (Antsimgy)is corroborated by one MNHN voucher from this site catalogued as A
hetews This specimen (MNHN 1975 327), however. has no dorselateral ridges and clearly
agrees 10 general morphology with Mantdactshus corvin and M pscidoasper (subgenus
Pinlaconumiis). two morphelogically simular species of which one (M corus) has been
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F.g 6 Sonagram and oscillogram of part of 4 ca.l {five notes of a note series) of Manticacts lus luters
from Marojeyy.

described from western Madagascar (Isalo). Occurrence of M ¢f. pseudoasper in the Antsingy
forest 1s also corroborated by MSNG 49087 which was the origim of the tissue samples used
for DNA analyses herein.

Nutwral histor)  Callmg achvity was maly nocturnal but sometimes started before dusk. In
such cases, the calls were emitted from the ground. Calling activity increased with progress of
dusk. and at night specimens generally called from leaves 1 2 m above the ground We never
observed calling specimens gathering at or close to water bodies.

Advertisement call. - Calls were series of short, relatively melodious notes (fig. 6). Each note
did correspond to one expiration Between notes, the vocal sac did not remain distinetly
inflated. although a shght inflation was noted when a call series was about to start. Calls from
Maroje)y (Camp 1} were recorded on 27 Mareh 1994, 17 30 h, at 22°C air temperature. They
contained up to 21 notes. Note duration was 22-24 ms (23 + 1 ms, # = 5), duration of intervals
between notes was 170-180ms (173 + 5 ms, # ~ 4). Note repetition rate was 5 0-5 5 ms. Calls
from Nosy Borahd as desenbed by Graw & Vinces (1992) were siular and are bere
re-described  They were recorded on 8 March 1991 atca 22°C wir leniperature Note durat.on
was 44-59 ms (51 + Sms.n = 8), interval duration 127-236 5 (156 + 40 ms, s — 7). and note
repetition rate 4 3-5 0 per second

On 28 Murch 1994, distress walls were eonticd by a specimen from Marojegy when
handled Tiwo calls had 4 duration of 1600 ms and 1663 ms. Frequency was 1650 10000 He,
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respectively 0-10000 Hz, and showed the frequency band pattern typical for anuran distress
calls,

Mantidactylus plicifer (Boulenger, 1882)
(fig Sc-d)

Rana pheifera Boulenger, 1882 Name-bearmg fype. lcctotype, by prescut designation, BMNH
1882 3 16 58. adult male collected by W D Cowan  Typelacainn *East Betsileo™ accordimg to the
onginal description  Paruleciotypes BMNH 1882 3.16 57, female and 1882 3 16.56 and 59, two
subadult specimens, with same collecting data as lectotype.

Comment. Thecurrent re-definition of the species M plic ifer 1s based on characters (size and
structure of femoral glands) recognizable in males only As only one of the original syntypes
of Rana plicifera1s a male, its present designation as lectotype 1s necessary to reach taxonomic
stability tn a group of extremely simlar specics (M luteus, M pliefer, M sculpturatus)

{denniry - Our field observations demonstrated syntopic occurrence of a smaller and a larger
M luteus-like species at Ranomafana, males of the Jarger species reachung 44 2 44,4 mm SVL
Also 1n the MNHN sample from the Chaines Anosyennes, a larger and a smaller form could
be distinguished, males of the larger form ranging from 43.6 to 48 3 mm SVL. One distinctive
character of the large form at both sites were 1ts consistently Jlarge and distinet femoral glands.
Based on this character, we consider the large specimens as Manirducty lus plicifer, fig 7 shows
that they agree with the lectoty pe of Rana pircifera in relative femoral gland size, although the
type is distinctly smaller (38 8 mm SVL, see tab. 1-2). The dilference both 1n SVL and n
relative length and width of femoral glands (ratio FGL/SVL and FGW/SVL) was highly
sigmificant between M. plicifer and M. luteus (P < 0.005).

aterial exammed  BMNH 1882 316 56-59 (East Betwileo, lectotype and paralectotypes, MNHN
1972 1404 (Ambana-Souvala. Chaines Anosyennest, MNHN 1972 1405, 1972 1407-1408. 1972 1410,
1972 1412-1414, 1972 1419-1422 1972 1424-1425. 1972 1427, 1972 1429, 1972 1431 (Camp V, Chames
Anosyennes). MNHN 1972 1436 1437 (Camp IV, Chaines Avosyennes), ZEMK 62305-62306 (Rano-
mafana)

Morphology und diagnosts  Beside the larger size of most specimens as compared to M
lutews, the most important morphelogical character to denufy M. phcifer 1s the large size of
uts femoral glands (see Tdennyy section) In anternal view, a gland of the lectotype contamed
about 45 granules In one spectmen from Ranomalana (ZFMK 62306). a gland was composed
of 47 granules of 0 5-0 7 mm in diamcter 1n one specimen from the Chaines Anosyennes, a
gland was composed of 55 granules of 0.4-0.8 mm 1n diameter

Beside thischaracter, the morphology of M plicifer s extremely snmlar to M Jutcws. The
differences mentioned by B osmi Rs-SCI0ssIR & Biane (1991) m their key to Mantidaciy -
{us, namely webbing (less developed i M phicifer) and heel spine {only a tubercle present in
M plicifer) are not suited to distinguish both species. The webbing 15 variable m M plicafer
For instance, (t reaches the disk of the fifth toe m ZFMK 62306, bul only inbetween the disk
and the external subarticular tubercle in ZFMK 62305, resulting in webbing formulas for the
filth toe of 510} vs. 5{0.5). And the presence of a heel spine appears Lo be ghly dependent on
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52
SVL (mm) * M. luteus

> M. plicifer

48 v T~~_ @M. scuipturatus

-~ %

= ratio FGL/SVL
0.05 0.07 0.09

Fig. 7 Scatterplot of snout-vent length (SVL) and relateve femoral gland length (ratio FGL/SVL) n
Mantudacrshes hizewn, M. phicifer and M. sculpturatus Note the clear distinct.on of Mantide iris
pircifer from the other two species by 1ts targer femoral gland size Most M plicifer can also be
distmgaished by therr larger SVL. the lectotype of M plicifer imarked by an arrow), wiich n
contrast s small-sized, shares with the other specimens its large femoral glands

36

the state of fixation and preservation of the specimens, So, a beel spme 1s clearly visible n the
formalm-fixed M plicifer from Chaines Anosyennes, but this structure 1s only rudimentary
and fantly rec able (n the ethanol-hxed from R fana The outer meta-
tarsal tubercle, absent n M lureus. 1s sometimes visible as small rudiment in formalm-fixed
M phaer The pair of outer metacarpal tubercles are often mdisunct in M plicifer asn M
Iurens, but when recognizable, the outermost tuberele s distinetly smaller and more clongate.

Color and pattern vanation 1s as follows. Many spectmens with a tendency of & highter
lateral coloration and a darker dorsal coloration, more or less sharply separated by the
dorsolateral ndges. this contrasted patiern very dastinet in a few speaimens (e g MNHN
2.1427) which have hight brown to beige flanks and dark brown central dorsum and head
. both colors sharply separated by the dorsolateral ridges. In this specimen. head also
laterally berge. with a broad vertical band running from the eye (o the upper bp. In some
specimens, head laterally with o broad light berge band along the upper lip. bordered sharply
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by a dark brown band along the canthus rostralis. Venter cream whatish, with a few brownish
markings usually present in the chest region. Throat largely covered by faint brown pigment
in many males (except a longitudinal light median band) Vocal sacs blackish.

Intersexual differences m SVL and relative tympanum size are close to sigmficance
(Mann-Whitney U test; P < (0 07), males bemng smaller and having relatively larger relative
tympanum sizes than females. Highly significant differences were found in relauve length and
height of the inner metatarsal tubercle (P < 0 001; longer and higher in males), while relative
[imb length did not differ sigmificantly between sexes. Mean male/female size ratio 1s 96 %o.

Distribution  Beside the unprecise type locality East Betsileo, the species 1s reliably known
from (1} Ranomafana and (2) the Chaines Anosyennes. BLOMMIRS-SCHLOSSIR & BLANC
(1991) listed six additional localities for the species: Tt Marojejy, Amb
Mandraka, Ambalamarovandana, Marovitsika. We could not locate any voucher for the
Ambohutantely locality tn the MNHN or ZMA collections. The specimens from Tsaratanana,
Marojejy and Mandraka, determined as M piicifer by R, Blommers-Schlosser according to
the MNHN catalogue, are here all referred to M asper (see also GLAW & VENCES, 1994, for the
Tsaratanana vouchers). The specimens from Marovitsika are juveniles that cannot be reliably
determned, while those from Ambalamarovandana are here assigned to M sculpturaius n a
preliminary way (see below).

MNatural history  Calls were heard during dusk from the vegetation mn rainforest. Calling
males were sitting ca. 50 cm above the ground No water bedies were observed m the
surroundings.

Achertisement calf - Recordings were done on 2 March 1996, 18 15 b, at 23°C air temperature
m the Ranomafuna National Park. Single notes as well as short series of up to five notes
(fig 8)wereemitted Note durationwas 121-148 ms (134 + 10 ms,#= 5), duration of intervals
between notes was 492-559 ms (535 + 31 ms, # — 4). Since intensity faded continuously at the
end of each note, measuring of note duration was difficult, and 1t would also be possible to
consider note durations as longer {and, correspondingly, interval duratons as shorter)
Frequency was 1200-4000 Hz, dominant frequency 2700-3300 Hz

Mantidactylus sculpturatus Ahl, 1929
(fig. Se-N

Mantadea ty fus serdprratus AR, 1929 Name-bearng tpe holoty pe, by monotypy, ZMB 30515 Tipe
focatint “Nordwest-Madagascar” aceording to ongmal description (probably erroncous)  Otfer
f3pes. none

Identity. — At mid-alutude locahties of eastern Madagascar, a species occurs which 1s
extremely siular to M lugens by morphology 16, however, distingusshed by 1ts unharmo-
nous {vs. melodious} advertisement calls, 1ts indistinet femoral glands. and a relatively ligh
genetic divergence {see below}) We here revalidate the name Munidac telus sculpiuraties
for this species based on the following rationale. ¢ 1) The type of M scudptusaius ts a female of
37 5mm SVL: its morphology totally corresponds 1o species previously assigned to M fureus,
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o Frequency (kHz)

Fig. 8 Sonagram and oscillogram of part of a call (five notes of a note series} of Mensuduc tyius plttfer
from Ranomafana

and its s1ze agrees with the mid-altitude fureus-like species but not with the larger species M
phetfer. (2) AHL (1929) described M scudprurarus from a specimen that was collected by I M
Hildebrandt, and that was reported to ongimate from northwestern Madagascar. However, no
spectes close to M futeus 1s 50 far known from this segion, except an undescribed speeies from
the Manongarivo Reserve collected by C J. Raxworthy (deposited 1n the Londen museum)
and by D. Rakotomalala {pers. comm.). These Manongarivo specimens, however, have
distinet miterocular tubercles in males and females wlich are absent in the type of M
scufpraratus As with other anuran species collected by ) M- Hildebrandt i this region, it s
probable that some labeling errors occurred either by Hildebrandt stself or when the speci-
mens were entered 1 the Berln Museum after Hildebrandt's death m Madagascar in 1881
{(Vina1s & Graw, submitted) (3) Beside localies in northwestern Madagascar, Hildebrandt
collected at sites m central eastern Madagascar but apparently not at low altitudes along the
east codst (Brantir, 1998) It 1s therefore probable that the Af sewdptiraius type was collected
at a mid-alutude eastern locality. We are aware that these arguments do not suflice to fully
clanfly the identity of M cadpturatus, but its present re-definition appears as most parstmo-
nious solution and avotds the description of the mid- altitude feretes like form as a new species.,

Aote. BLOMMIRS-SCHLOSS R & BUANC (1991) stated that the “type”™ of M scudpturatus was
lost In the meantime. the holotype has been rediscovered in the Berlin maseum.

Matertal cvanmed  ZEMK $3688-53689 (Andasibe), ZEMEK 62304 (Ranomatana), ZMB 30S15
{holotype)
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Fig 9 Sonagram and oscillogram of a call {three notes of a note series) of Mantiductvius sculpuratis
from Ranomafana

Morphology and drignosis -~ By size and general morphology, this specics 1s smular to M
luteus Femoral glands are indistinct in most specimens, in ZFMK 62304 (Ranomafana), an
adult male collected while calling and therefore in sexually mature and active state, no femoral
glands at all were recognizable in external or mternal view The male ZFMK 53688 (Anda-
sibe) had 26 scattered granules visible in mternal view of a gland These granales, however,
were smaller than in M. Jureus (0.3-0.4 mm 1n diameter).

In the avatlable material, no recognizable outer metatarsal tubercle. Webbing reaching
the disk of the fifth toe or shightly below, resulting 1 a webbing formula of 5(0)-5(0.25) A
small heel spine. and two external metacarpal tubercles of approx.mately similar s1ze General
coloration as i M fuicus, the specimen ZEMK 62304 from Ranomafana having a broad
white streak along the upper hp bordered by a blackish streak runming under the canthus
rostralis. This specimen additionally with a curved white streak runming transversally above
the cloacal region Venter undormly light. with very famt brownish pigment on the chest in
s0me specimens,

Dustribution The speaes is rehably known from (1) Andasibe, {2) Ankentheny (no voucher
specimens collected); and (3) Ranomafana.

Natural history Calling males were obsersed at might, not concentrated around water
bodies, 1-2 m high in the vegetation, in ranforest

Advertisement cafl. - Calls from Ankentheny were recorded on 18 December 1994, 21.45 h, at
€4 22°C air temperature They consisted ol up to 22 unharmonious netes, but at the begining
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of cal]mg activity smgle -note calls were common Following several of these, note-series were

d of an number of notes. After such a call series, calling
activity was oflen mterrupted for some minutes; one call series from Andasibe lasted 20 s and
showed the following pattern* 1-1-2-3-15 (numbers referring to notes per call). However,
multi note calls were emitted spontaneously as well. Note duration at Ankeniheny was
154-180 ms (168 + 13 ms, n = 5}, duration of mtervals between notes was 126-163 ms (143 =
18 ms, n — 4). Note repetition rate was 3.0-3.3 per second Calls from Andasibe (recorded on
12 January 1992 at 22°C air temperature} were similar, with a note duration of 90-120 ms, an
interval duration of 250-260 ms, and a note repetition rate of 2 8/s (GLAwW & VENCES, 1994)

Calls from Ranomafana (fig. 9) were similar, too. Two analysed calls consisted of 15-17
notes and had a duration of 4463-5127 ms. Note repetition rate was 3 3-3.4/s. Note duration
was 150-196 ms (173 + 13ms, n — 10), mter-note interval duration was 122-158 ms (139 + 12
ms, n = 10). Frequency bands were recognizable between 1500 and 2000 Hz, 2800 and 4000
Hz. and 4800 and 5200 Hz. Dommant frequency was between 3200 and 3400 Hz

FURTHFR SPECIMENS OF UNCERTAIN ATTRIBUTION

While the specimens isted m the respective sections above could be attributed to the
recognized species with a certain rehiability and were used to delimit distribution patierns
(fig. 10), the following juvenile specimens (and thus the localiies Vondrozo, Ivohibe, Sanga
Sanga forest and Tolongoma) could be assigned to the complex of the three species M luteus,
M plicifer or M. sculpturatus, but a specific determiation was not possible, MNTIN 1930.414
and MNHN 1991 31493150 (previously 1930 414A-B) (Vondrozo): MNHN 1972 556 (Ivo-
hibe, Marovitsika forest), MNHN 1972.1434 (Ambana-Soavala)y MNHN 1972 1406,
1972 1409, 19721411, 1972.1415-1417, 1972 1423, 19721426, 1972 1428, 1972 1430,
1972.1432-1433 (Camp V, Chaines Anosyennes); MNHN 1972 1469 (Ambana-Camp IV,
Chaines Anosyennes); MNHN 1975.328 (Sanga Sanga forest), ZFMK 47252-47253 (Tolon-
gotna) The same applies to an adult female (MNHN 1930 413) from Fort Carnot, (SVL
42 1 mm} which 1s 10 poor state of preservation and with largely faded pattern

A scries from Ambalamarovandana (Andringitra, at 1530 m elevation, MNHN
1972 595-599) consists of two juvenles, one subadult, and two adult females with immature
oacytes, By the size of the females (SYL 40 8 mm, MNHN 1972 595: 40 6 mm, MNHN
1972 596) and complete lack of dark pattern on throat and chest, they can be assigned to
etther M. luteus or M. sculpturatus rather than to M plieifer.

Three examined specimens probably belong to the Measinidec tyfus asper group but can
not be determined further at present. (1) MNHN 1975315 (Ambatofitoharanana} is a rather
large female (SVL 42 9 mm) reminding Mannidesey s asper and M- anibolutra 1t has very
wedkly expressed, straight dorsolateral ndges and apparently no markings on the venter The
locality Ambatofitoharanana s located close to Fuanaranisoa, at 4 rather high alutude of ca
1600 m. The specumen may represent a hitherto unknown species. (2) MNHN 1975 316
{Marojegy, no clevatonal mformationy, an adult female (SVL 313 mm) with maturning
oocyles recogmizable by dissection, has two distinet pairs of ndge-like mterocular tubercles,
but only rudiments of dorsolateral ridges, mstead, the dorsum 1s covered with trregular small
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Fig 10 Daistribution maps of species in the Mantidacty fus asper group Locality numbers refer to those
used in the text

tubercles. The venter 1s uniformly hght except two faint symmetrical brownish markings on
the chest. This mndividual may represent a new species of Mantidac ) lus (Gepls romants), but
a description does not seem justified until further collections yield alse male specimens. (3)
MNHN 1895 257 15 a juvenile spectmen 1n poor state of prescrvation that reminds M asper.
1t1s remarkable because according to the MNHN catalogue it was collected on the west coast
(*Cdte Ouest™) However, we consider thus locality nformation as dubious unuil the occur-
rence of the group at western localities is confirmed.

KEY TO SPECITS IN THE MANTIDACT YL US ASPFR GROUP

The foll key allows identification of nmost bel to the Muntidacty -
lus asper group. However, i some taxa (e g . M futews. M phetfer, M scdpuaratis), a rehable
deternmination 1s only possible 1 adult males (after exanunation of femoral glands or
advertisement calls) Considering the important variability of characters such as dorsolateraf
ndges within populations (e g. of M asper or M spunfer), determmations based on simgle
specimens should be always considered with caution.
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la. Moderately sized to large species {SVL 32-50 mm); ventrally uniformly cream-whitish,
sometimes with brown motthng on chest and throat; tarsal spines and connecting dorsal ndge
absent: interocular tubercles usually absent; outer metatarsal tubercle present or absent:
webbing generally reaching closer to the disk of the fifth toe than to the first subarticular
tubercle: webbing formula 5(0) to 5(0.5).. 2
1b. Moderately sized species (SVL 27-38 mm); venlrally usually with distinct dark brown
pattern (laterally dehmiting a central bright white area on chest and sometimes belly: throat in
males brown with a light median stripe); tarsal spines sometimes present; interocular tubercles
generally present, outer metatarsal tubercle present; webbing generally closer to the first
subarticular tubercle than to the disk of the fifth toe: webbing formula 5(0.5) to 5(0.75), rarely

2a. Moderately sized species (SVL 32-39 mm); wnterocular tubercles sometimes present;
supraocular spines small or i the form of tubercles only; dorsolateral ndges relatively
irregular and indistinet: heel spine small and indistinct; outer metatarsal tubercle present,
only known from far northern Madagascar (Montagne d'Ambre)................ . ...
................................................ . Mantidactylus ambolutra
‘7b Larger species (SVL 36-50 mm); interocular tubercles always absent; supraocular spines
distinct, with one relatively large spine at the beginning of the nner dorsolateral ridge; inner
dorsolateral ridge always distinct, heel spine distinct, outer metatarsal tubercle absent or
rudimentary........ooon e il
3a. SVL 3950 mm; femorai glands distinct, composed of 47-55 granules calls composed of
a slow series of unharmomous notes . .. Mantidactylus plicifer
3b SVL 36-47 mm, femoral glands small but distinct, composcd of 16-29 granules; calls
composed ofa l'dpld series of melodious notes: known from eastern lowlands ... .
.......... Mantidactylus luleu:
3; SVL 38-43 mm; femord] gldnds small and often mdlstmcl or not recogmzable, composed
of 26 granules (if visible); calls composed of a rapd serics of unharmonious notes; known
from eastern mid-altitudes . ceeieienn oo Mantidactylus sculpturatus

4a Very granular dorsum with ighly elevated and sharp nidges, connectig dorsal nidge often
present; tarsal spines present and distinct; very distinct sharp dark brown-white contrast in
the ventral pattern, extending ento the belly. ... . .. . ... Muantiducrylus spunfer
4b. Less granular dorsum; no connecting dorsal nidge; tarsal spines usually reduced to
tubercles or absent, sharp brown-white contrast i the ventral pattern usually restricied to
chestand/or throat ... iiiiiiiiiiiiii s Mantiduc tylus asper

ANALYSIS OF DNA SEQUENCLS

A chi-square test did not contradict homogenetty of base frequencies across taxa (f —

51, P> 09) The PTP test resulied in a significant difference (£ = 0 01) between the most
p‘nrsunonmus tree and trees generated from random permutations of the data matrix,
ating presence of phylogenetic signal Of the total of 556 included
characters, 358 were constant, 59 viriable but parsimony-uninformative, and 139 vartable and

Source . MNHN, Paris



VENCES & GLAW 135

- M - j 7250
- M (Phytacomantss) sp. n. (Tsaratanana) ame?

- M. (Phytacomantis) comutus P jMnsm
- M (Phylacomantis) tscherk P

oy 2
®?
?
..... ) ®?
M (Gaphyromantis) sculpturatus (Ranomatana) () P 00100
8. (Gophyromantis) utous (Nosy Wangabe) () P 8365

™ @7
..... M @7
_____ " spor ) & g

M (Goptyromants) bovionger! (N Mangabe) ()2

....... M - o
- sper Anisingy) A"
______ " iiver
L -
Fig 11 Results of a Newghbor-jormng (N, lefty and & M Parsimony (MP. right) analysis of

556 bp of & fragment of the mitochondrial 165 TRNA gene in 16 species of Mantidcs fus belonging
to the subgencra Geph ronwantis, Laurentomantss and Phy lacomantss Species of the M asper group
are printed in bold The MP cladograr is a strict consensus of cight equally most parsimanious trecs
(505 steps, consisiency index 0 54, retention mdex 0 48). Numbers above branches are bootstrap
values m percent of Neighbor joimng {left) and Maximum Parsimony and Maximum Likelihood
(nghty analyses, respectively (2000, 2000 and 100 replicates) Buophes \eroplnfus was uscd as the
outgroup The symbols refer to presence of frec-swimming or non feeding Lurvac (tadpole symbal) or
direct development within the cgg (cgg symbol) Symbols with question marks refer to mdirect
evidence from calling behaviour, spectes which call around water bodies (brooks) may have tadpols,
whilc species calling mdependently from water probably have d.rect development

parstmony-mnformative. MODELTEST proposed a Tamura-Nei substitution model (TeN + 1
+ G) as best fittmg the data, with a proportion of nvartable sites of 0.4764. a gamma shape
distribution parameter of 09064, and empirical base frequencies {A 03370, C 0.2328;
G.0.1765, T 0.2536) and substitution rates (A-G* 5.3583,C-T 8 5036, ull other rates: 1). The
Maximum Parsimony analysts resulted in eight equally most parsimonious trees (305 steps,
consistency mdex 0.54, retention 1ndex 0.48). A strict consensus of these ts shown m hg 11
Most splits 1n the topology were unresolved, resulttmg n several polytomies The followmg
clades were resolved” (1) a Ineage contaming the species of the Mantudac tvins granudais
group 1n the subgenus Pinfucomantis (sensu Graw & Vincrs, 1994), (2) within the A,

Source . MNHN, Paris



136 ALYTES 19 (2-4)

granulatus group, one clade contaming M. granulatus and an undescribed specics from
Tsaralanana, and a second clade containing M cornutus and M tschenki, (3} a lineage
containing the two species of the subgenus Laurentomantis mcluded, (4) a clade containing
M. luteus, M. sculpturatus and M plicifer, (5) a clade contaming M. sculpturatus and M,
Tuteus: (6) a clade with the two species of the Mantidact) lus pseudoasper group in the subgenus
Phylacomantis, M. pseudoasper and M. corvus.

An 1dentical topology was obtained by a second MP analysis after exclusion of all
characters with gaps in one or more taxa. The NJ analysis with LogDet distances (fig 11) and
the ML analysis using the substitution model suggested by MODELTEST (not shown)
supported the same clades. Both in the NJ and ML trees, the M pseudoasper group was
arranged basal to all other Gephyromantis, Laurentomantis and Phylacomantis species;
sequentally, the species of Gepl: is split ofl the phylogram, while the two Laurento-
mantis were placed as sister group of the Manzidact) lus granudatus group.

Bootstrap analyses (FLLSENSTEIN, 1985) with 2000 replicates provided rather ugh sup-
port for most of the clades defined above (1-6); the sole exceptions were clade 2 which was not
supported by values higher than 50 % 1n the NJ bootstrapping, and clade 3 which recerved low
support {51 %) in the MP bootstrapping.

Pairwise sequence divergences among species of the subgenera Gephyromuntis, Phyluco-
mantis and Laurentomantis ranged from 3.8 to 16 4 % Even the lowest values (3.8 °0 and
47 % between the specics paws M. cornutus M. tschenhrand M futeus M sculpturatus)

were distinetly higher than values so far identified between Mal, frog popu-
lations {up to ca. 1.5 % in M. 5 M. Vences, unp ),
Discussion

The distinctness of the three species M futeus, M pheifer and M sculpturatus as
re-defined here 1s well corroborated by their bioacoustic and genetic differentiation. Previous
works (¢ g, BLomMtRS-SCHLOSSER & BLanc, 1991) also recognized two of these species (M.
futeus and M plicifer), but thew concept of M phctfer was equivocal, and mn large part based
on specimens attributable to M asper. We observed syntopic occurrence of two species (A
phcifer and M sculpturatie) m the field at one site (Ranomafana), and preserved material
provided evidence for syntopic oceurrence of A plwifer and M luteus at the Chaines
Anosyennes. On the other hand, the morphological differences between these species are
extremely faint, and at present no reliable characters are known which could diagnose ther
females or juveniles. This s in agreement with the situation in almost all groups of anurans in
Madagascar: the emerging picture indicates that all forms which ditfer boacoustically have a
high genetic differentiation and must be regarded as valid species both under evolutionary
and brologieal species concepts. Among M luteus. M plicsfer and M sculpturatus, the lowest
genetie differences are found between M futeus and M scidpruratus, which were relably
grouped as sister taxa by the phylogenetic analysis. The apparent allopatric distrnibution of
these species indicates an alutudinal segregation, M scudptiesaries inhabiting nud elevations
and M futeus low-elevations utong the castern coast This example may mdicate that sibling
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species that segregate along elevational gradients in Madagascar are phylogenetically younger
than those which occur in close sympatry (as M phcifer M. luteus or M, pheifer M.
sculpturatus).

The presence of a new species, Mantidacts Jus ambolutra, at Montagne d’Ambre in far
northern Madagascar has already been suspected by GLaw & VENCES (1994), who figured a
specimen from this locality as “Mantidact) lus cf asper”. The isolated Montagne d’Ambre
rainforest shares a rather large number of species with the eastern and north-eastern rainfor-
ests which, on the contrary, are not present in the north-western (Sambirano) region
(RaXwORTHY & NussBAUM, 1994; RASELIMANANA et al , 2000), but the taxonomy of the
Ambre populations has so far not been studied m detail Our unpublished bioacoustic and
genetic data indicate substantial differentiation of the Ambre populations of at least three
other species shared with the east, namely Heterixalus betsileo, Mantidactylus curtus and
Mantidactylus Iiber At least some of these populations possibly ment a status as separate
species, and may have originated by allopatric speciation in the isolated ramnforest patch of the
Ambre massif,

As the occurrence of Muntidacty lus lutens in Antsalova was based on a misidentification
of MNHN 1975 327 (actually belonging to M pscudoasper or M corvus}, no reliable records
of any species of the M asper group and of the whole subgenus Geplhtyromantis exist at present
from western Madagascar Similarly, the record of M granulatus from Antsingy (BLOMMIRS-
ScHLOSSER & BLANC, 1991) 15 1n need of confirmation as we did not find any voucher specimen
in the MNHN and ZMA collections on which the distribution data of these authors were
largely based EmanteL & Jusu ( I995) did not record M gramudatus from this area The only
records of the whole Gephy $-L Pinlacomantis blage occurring in
western Madagascar refer therefore to M corvus and possibly M. psendoasper This pattern
correlates with reproductive modes. M. corvus and M pseudvasper have tadpoles developing
normally mn brooks (though of derived morphology, sec GLAW & VINCLS, 1994); Gepliyro-
mantis have direct development ( BLOMMLRS-SCHLOSSLR, 1979; Graw & VEnGis, 1994); direct
devclopment 1s also probable in some Lawrentomansis (GLAW & VINCEs, 1994); and the
species of the M. granudatus group may have erther direct development (e.g M fencomacuda-
tus) or feeding tadpoles (M tutus), although no detailed observations have so far
been published. The absence of species with direct development and sidarly derived
reproductive modes from western Madagascar 1s probably a consequence of the need of
continuous humudity for the devetopment of terrestrial nests, The scasonal environments in
western Madagascar possibly do not provide the climatic contimuty for successful reproduc
tion of direct-developing in anurans or for the survival of their dimmutive juveniles This may
also be the reason for the absence of cophyline microhylids of the genus Pledodonsolivia (with
non-feeding tadpoles developing m terrestrial nests) from western Madagascar

In the molecular analyses., the subgenus Gepin romantes (wclading the Maniedac vl
asper group) was a paraphy letie assemblage along the branch leading towards the subgenera
Lawrentomantis and partly Phvlacomanits (the M granufutus grouph, while another section of
Pindacamantrs was placed basal 10 all these taxa (M conus and M pseudoasper) Rela-
tonships of Law entomaniss 10 M granulatis were also obvious from the cladograms of
Riciarbs etal (2000 If this topalogy was confirmed by further melecular or morphological
data, 1t would mdicate (beside the obvious diphyly of Py lacamaniis) that the assemblage of
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direct-developing Mantidact) fus species evolved from brook-breeding ancestors such as M
corvus and M pseudoasper. 1If new field data confirm that M gramulatus has (possibly
non-feeding) tadpoles rather than true direct development, the phylogenetic topology would
furtbermore suggest reversal of the reproductive mode (from direct development back to
tadpoles) in this species. Such a (multiple) reversal has also been suggested for Neotropical
hylid frogs of the genus Gastrotheca (e.g . SCANLAN et al , 1980; DEL Pino & EscoBar, 1981;
Dueriman & Hirus, 1987, see also discussion in Dusois, 1987): in this genus, direct
development appears to be the ancesiral state, and montane species from the Andes are
hypothesized to have quired a free tadpole stage through developmental arrest
1n the course of their evolution. However, some Andean species of direct development may
have returned again to this reproductive mode (DugLimMaN & HiLLis 1987), which would
indicate a high plasticity of this trait n this frog group. The testing of these hypotheses
appears highly attractive to address general qucslmns of amplubian evolution, and may
quahfy beside Ge a - the Gephy Pl lacomantis lincage as a
suited model group for such studies.
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